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NUCLEIC ACID AMPLIFICATION
REACTION VESSEL AND NUCLEIC ACID
AMPLIFICATION REACTION APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a nucleic acid amplifica-
tion reaction vessel and a nucleic acid amplification reaction
apparatus.

2. Related Art

As a method of amplifying nucleic acid at a high speed,
a method of generating a thermal cycle at a high speed at the
temperature of a nucleic acid amplification reaction solution
by putting an o1l and a small amount of nucleic acid
amplification reaction solution in a cylindrical nucleic acid
amplification reaction vessel, while maintaining one end of
the vessel at a high temperature and the other end thereof at
a low temperature, rotating the vessel such that a state 1n
which the one end 1s on a lower side 1n a vertical direction
so that the reaction solution i1s located 1n the o1l at a high
temperature and a state in which the other end 1s on the lower
side 1n the vertical direction so that the reaction solution 1s
located 1n the o1l at a low temperature are alternatively
switched 1s known (for example, refer to JP-A-2012-
115208).

The cylindrical reaction vessel 1s used 1n a nucleic acid
amplification reaction apparatus disclosed i JP-A-2012-
115208 and the diameter of the droplets of the nucleic acid
amplification reaction solution 1s smaller than the diameter
of the reaction vessel. Thus, the nucleic acid amplification
reaction solution has a two-dimensional degree of freedom
in a plane perpendicular to the longitudinal direction of the
reaction vessel. Accordingly, the droplets of the nucleic acid
amplification reaction solution fall obliquely with respect to
the gravitational direction or fall perpendicularly with
respect to the gravitational direction, which causes an
uneven falling speed of the droplets of the nucleic acid
amplification reaction solution. Thus, 1t 1s not easy to strictly
control the amount of the nucleic acid amplification reaction
solution to be heated. When the amount of the nucleic acid
amplification reaction solution to be heated 1s not suil-
ciently controlled, there 1s a possibility that the amount of
nucleic acid to be amplified becomes uneven.

SUMMARY

An advantage of some aspects of the invention 1s that
nucleic acid 1s stably amplified.

An aspect of the invention 1s directed to a nucleic acid
amplification reaction vessel including a first inner wall, and
a second 1mnner wall that 1s arranged opposite to the first inner
wall, 1n which a distance between the first inner wall and the
second mner wall 1s a length n which a nucleic acid
amplification reaction solution comes 1nto contact with both
the first inner wall and the second inner wall when the
nucleic acid amplification reaction solution i1s poured. The
first inner wall and the second inner wall are preferably tlat.
When an amount of the nucleic acid amplification reaction
solution 1s 1 ul to 7 ul, the distance may be 0.2 mm to 1.4
mm. A center portion of a bottom portion of the nucleic acid
amplification reaction vessel may protrude outward.

Another aspect of the mvention 1s directed to a nucleic
acid amplification reaction apparatus including the nucleic
acid amplification reaction vessel according to the aspect of
the mnvention, a first heating section that heats a first region
of the nucleic acid amplification reaction vessel, and a
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2

driving mechanism that switches arrangement of the first
region, a second region ol the nucleic acid amplification
reaction vessel, and the first heating section into a first
arrangement or a second arrangement, 1n which the first
arrangement 1s an arrangement 1n which the first region 1s on
a lower side of the second region with respect to a gravita-
tional direction and the second arrangement 1s an arrange-
ment 1n which the second region 1s on a lower side of the first
region with respect to the gravitational direction. When the
nucleic acid amplification reaction vessel 1s mounted in
amounting section, the nucleic acid amplification reaction
apparatus may include a second heating section that heats
the second region, the first heating section may heat the first
region to a first temperature, and the second heating section
may heat the second region to a second temperature which
1s different from the first temperature.

According to the aspects of the invention, it 1s possible to
provide a nucleic acid amplification reaction vessel and a
nucleic acid amplification reaction apparatus capable of
more stably duplicating nucleic acid 1n a method of con-
ducting a nucleic acid amplification reaction at a high speed
by moving a nucleic acid amplification reaction solution in
an o1l having different temperature regions.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIGS. 1A and 1B are perspective views of a nucleic acid
amplification reaction apparatus according to an embodi-
ment, of which FIG. 1A shows a state in which a lid 1s closed
and FIG. 1B shows a state in which the lid 1s opened.

FIG. 2 1s an exploded perspective view of a main body of
the nucleic acid amplification reaction apparatus according
to the embodiment.

FIGS. 3A and 3B are cross-sectional views of a nucleic
acid amplification reaction vessel according to the embodi-
ment, of which FIG. 3A 1s a cross-sectional view of the
nucleic acid amplification reaction vessel 1n a parallel direc-
tion with respect to a first inner wall and a second 1nner wall
that are opposite to each other and FIG. 3B 1s a cross-
sectional view of the nucleic acid amplification reaction
vessel 1n a direction orthogonal with respect to the first inner
wall and the second 1nner wall.

FIGS. 4A and 4B are cross-sectional views schematically
showing a cross section of the main body of the nucleic acid
amplification reaction apparatus according to the embodi-
ment taken along line A-A i FIG. 1A, of which FIG. 4A
shows a first arrangement and FIG. 4B shows a second
arrangement.

FIG. 5 15 a flowchart showing a process procedure using,
the nucleic acid amplification reaction apparatus according
to the embodiment.

FIGS. 6A and 6B are perspective views of a nucleic acid
amplification reaction apparatus according to a modification
example, of which FIG. 6A shows a state 1n which a lid 1s
closed and FIG. 6B shows a state 1n which the lid 1s opened.

FIG. 7 1s a cross-sectional view schematically showing a
cross section of a main body of the nucleic acid amplifica-
tion reaction apparatus according to the modification
example taken along line B-B 1n FIG. 6A.

FIG. 8 1s a graph showing sizes of projection diameters of
droplets 1n a nucleic acid amplification reaction vessel.

FIG. 9 1s a graph showing ratios of projection diameters
of droplets 1n the nucleic acid amplification reaction vessel
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according to the embodiment of the mvention to projection
diameters of droplets 1n a cylindrical nucleic acid amplifi-
cation reaction vessel.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinatter, a preferred embodiment of the invention will
be described 1n the following procedure using the drawings.
It should be noted that the embodiment described below
does not unreasonably limit the content of the invention
described 1n the appended claims. Further, all of the con-
figurations described below are not necessarily essential
constituent requirements of the invention.

1. Embodiment

1-1. Configuration of Nucleic Acid Amplification
Reaction Apparatus According to Embodiment

FIGS. 1A and 1B are perspective views showing a nucleic
acid amplification reaction apparatus 1 according to an
embodiment. FIG. 1A shows a state 1n which a 1id 50 of the
nucleic acid amplification reaction apparatus 1 1s closed and
FIG. 1B shows a state 1n which the lid 50 of the nucleic acid
amplification reaction apparatus 1 1s opened and a nucleic
acid amplification reaction vessel 100 1s mounted in a
mounting section 11. FIG. 2 1s an exploded perspective view
ol a main body 10 of the nucleic acid amplification reaction
apparatus 1 according to the embodiment. FIG. 4A 15 a
cross-sectional view schematically showing a cross section
of the main body 10 of the nucleic acid amplification
reaction apparatus 1 according to the embodiment taken
along line A-A 1n FIG. 1A.

As shown in FIG. 1A, the nucleic acid amplification
reaction apparatus 1 according to the embodiment includes
the main body 10 and a driving mechanism 20. As shown in
FIG. 2, the main body 10 includes the mounting section 11,
a first heating section 12 (corresponding to a heating sec-
tion), and a second heating section 13. A spacer 14 1s
provided between the first heating section 12 and the second
heating section 13. In the main body 10 of the embodiment,
the first heating section 12 i1s arranged on the side of a
bottom plate 17, and the second heating section 13 1s
arranged on the side of the lid 50. In the main body 10 of the
embodiment, the first heating section 12, the second heating
section 13, and the spacer 14 are fixed to a flange 16, the
bottom plate 17, and a {ixing plate 19.

The mounting section 11 1s configured to mount the
nucleic acid amplification reaction vessel 100, which will be
described later. As shown 1n FIGS. 1B and 2, the mounting
section 11 of the embodiment has a slot structure in which
the nucleic acid amplification reaction vessel 100 1s mserted
and mounted, and 1s configured such that the nucleic acid
amplification reaction vessel 100 1s inserted mto a hole
penetrating through a first heat block 125 of the first heating
section 12 (heating section), the spacer 14, and a second heat
block 135 of the second heating section 13. The number of
the mounting sections 11 may be more than one, and in the
example shown 1n FIG. 1B, eight mounting sections 11 are
provided in the main body 10.

The nucleic acid amplification reaction apparatus 1 of the
embodiment preferably includes a structure in which the
nucleic acid amplification reaction vessel 100 1s held at a
predetermined position with respect to the first heating
section 12 and the second heating section 13. Accordingly,
a predetermined region of the nucleic acid amplification
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4

reaction vessel 100 can be heated by the first heating section
12 or the second heating section 13. More specifically, as

shown 1n FIGS. 4A and 4B, in a flow channel 110 consti-

tuting the nucleic acid amplification reaction vessel 100,
which will be described later, a first region 111 can be heated
by the first heating section 12 and a second region 112 can
be heated by the second heating section 13. In the embodi-
ment, a structure that defines the position of the nucleic acid
amplification reaction vessel 100 1s the bottom plate 17, and
as shown 1 FIG. 4A, by mserting the nucleic acid ampli-
fication reaction vessel 100 to a position in contact with the
bottom plate 17, the nucleic acid amplification reaction
vessel 100 can be held at a predetermined position with
respect to the first heating section 12 and the second heating
section 13.

When the nucleic acid amplification reaction vessel 100 1s
mounted in the mounting section 11, the first heating section
12 heats the first region 111 of the nucleic acid amplification
reaction vessel 100, which will be described later, to a first
temperature. In the example shown in FIG. 4A, 1n the main
body 10, the first heating section 12 is arranged at a position
for heating the first region 111 of the nucleic acid amplifi-
cation reaction vessel 100.

The first heating section 12 may include a mechanism that
generates heat and a member that transiers the generated
heat to the nucleic acid amplification reaction vessel 100. In
the example shown 1n FIG. 2, the first heating section 12
includes a first heater 12q and the first heat block 1256. In the
embodiment, the first heater 12q 1s a cartridge heater, and 1s
connected to an external power source (not shown) through
a conductive wire 15. The first heater 12q 1s mserted into the
first heat block 125, and the first heat block 1256 1s heated by
heat generated by the first heater 12a. The first heat block
126 1s a member that transfers heat generated by the first
heater 12a to the nucleic acid amplification reaction vessel
100. In the embodiment, the first heat block 1s an aluminum
block.

Since the control of the temperature of the cartridge heater
1s easy, the temperature of the first heating section 12 can be
casily stabilized by using the cartridge heater as the first
heater 12a. Thus, a more accurate thermal cycle can be
realized. Since the thermal conductivity of aluminum 1s
high, by forming the first heat block 126 from aluminum, the
nucleic acid amphﬁcatlon reaction vessel 100 can be efli-
ciently heated. Further, since uneven heating of the first heat
block 126 does not easily occur, a thermal cycle with high
precision can be realized. In addition, since processing of
aluminum 1s easy, the first heat block 126 can be molded
with high precision and the precision of heating can be
enhanced. Accordingly, a more accurate thermal cycle can
be realized.

The first heating section 12 1s preferably in contact with
the nucleic acid amplification reaction vessel 100 when the
nucleic acid amplification reaction vessel 100 1s mounted 1n
the mounting section 11. Accordingly, when the nucleic acid
amplification reaction vessel 100 1s heated by the first
heating section 12, heat generated by the first heating section
12 can be stably transierred to the nucleic acid amplification
reaction vessel 100, and thus, the temperature of the nucleic
acid amplification reaction vessel 100 can be stabilized. In
the case 1n which the mounting section 11 1s formed as a part
of the first heating section 12 as in the embodiment, the
mounting section 11 preferably comes mto contact with the
nucleic acid amplification reaction vessel 100. Accordingly,
heat generated by the first heating section 12 can be stably
transierred to the nucleic acid amplification reaction vessel
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100, and therefore, the nucleic acid amplification reaction
vessel 100 can be efliciently heated.

When the nucleic acid amplification reaction vessel 100 1s
mounted in the mounting section 11, the second heating
section 13 heats the second region 112 of the nucleic acid
amplification reaction vessel 100 to a second temperature
different from the first temperature. In the example shown 1n
FIG. 4A, 1n the main body 10, the second heating section 13
1s arranged at a position for heating the second region 112 of
the nucleic acid amplification reaction vessel 100. As shown
in FIG. 2, the second heating section 13 includes a second

heater 13a and the second heat block 1356. The second

heating section 13 1s configured 1n the same manner as the
first heating section 12 except that the region of the nucleic
acid amplification reaction vessel 100 to be heated and the
heating temperature are different from those for the first
heating section 12.

In the embodiment, the temperatures of the first heating
section 12 and the second heating section 13 are controlled
by a temperature sensor (not shown) and a control section,
which will be described later. The temperatures of the first
heating section 12 and the second heating section 13 are
preferably set so that the nucleic acid amplification reaction
vessel 100 1s heated to a desired temperature. In the embodi-
ment, by controlling the first heating section 12 at the first
temperature and the second heating section 13 at the second
temperature, the first region 111 of the nucleic acid ampli-
fication reaction vessel 100 can be heated to the first
temperature, and the second region 112 can be heated to the
second temperature. The temperature sensor 1n the embodi-
ment 1s a thermocouple.

The driving mechanism 20 1s a mechanism that drives the
mounting section 11, the first heating section 12, and the
second heating section 13. Further, in the embodiment, the
driving mechanism 20 includes a motor (not shown) and a
drive shaft (not shown), and the drive shatt 1s connected to
the flange 16 of the main body 10. The drive shait in the
embodiment 1s provided perpendicular to the longitudinal
direction of the mounting section 11, and when the motor 1s
operated, the main body 10 1s rotated about the drive shaft
as the axis of rotation.

The nucleic acid amplification reaction apparatus 1 of the
embodiment includes the control section (not shown). The
control section controls at least one of, for example, the first
temperature, the second temperature, a first period, a second
period, and the number of thermal cycles, which will be
described later. In the case in which the control section
controls the first period or the second period, the control
section controls the operation of the driving mechanism 20,
thereby controlling the period during which the mounting
section 11, the first heating section 12, and the second
heating section 13 are held 1n a predetermined arrangement.
The control section may have mechanisms different in each
item to be controlled, or may be a section which controls all
items collectively.

The control section 1n the nucleic acid amplification
reaction apparatus 1 of the embodiment 1s an electronic
control system and controls all of the above-described 1tems.
The control section of the embodiment includes a processor
such as a CPU (not shown) and a storage device such as an
ROM (Read Only Memory) or an RAM (Random Access
Memory). In the storage device, a variety of programs, data,
and the like for controlling the above-described respective
items are stored. In addition, the storage device has a work
area for temporarily storing data during processing, process-
ing results, and the like of various processes.
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As shown 1n the example of FIGS. 2 and 4A, 1n the main
body 10 of the embodiment, the spacer 14 1s provided
between the first heating section 12 and the second heating
section 13. The spacer 14 of the embodiment 1s a member
that holds the first heating section 12 or the second heating
section 13. By providing the spacer 14, a distance between
the first heating section 12 and the second heating section 13
can be more accurately determined. That 1s, the positions of
the first heating section 12 and the second heating section 13
with respect to the first region 111 and the second region 112
of the nucleic acid amplification reaction vessel 100, which
will be described later, can be more accurately determined.

The material of the spacer 14 can be appropnately
selected as necessary, but 1s preferably a heat insulating
maternal. Accordingly, eflects of heat generated by the first
heating section 12 and the second heating section 13, which
mutually aflect each other, can be reduced, and the control
of the temperatures of the first heating section 12 and the
second heating section 13 becomes easy. In the case 1n
which the spacer 14 1s made of a heat insulating material,
when the nucleic acid amplification reaction vessel 100 1s
mounted in the mounting section 11, the spacer 14 1s
preferably arranged so as to surround the nucleic acid
amplification reaction vessel 100 1n a region between the
first heating section 12 and the second heating section 13.
Accordingly, the heat from the region between the first
heating section 12 and the second heating section 13 of the
nucleic acid amplification reaction vessel 100 can be pre-
vented from being released, and thus, the temperature of the
nucleic acid amplification reaction vessel 100 i1s further
stabilized. In the embodiment, the spacer 14 1s made of a
heat insulating material, and 1n the example shown 1n FIG.
4A, the mounting section 11 penetrates through the spacer
14. Accordingly, when the nucleic acid amplification reac-
tion vessel 100 1s heated by the first heating section 12 and
the second heating section 13, the heat of the nucleic acid
amplification reaction vessel 100 1s not easily released, and
therefore, the temperatures of the first region 111 and the
second region 112 can be further stabilized.

The main body 10 of the embodiment includes the fixing,
plate 19. The fixing plate 19 1s a member that holds the
mounting section 11, the first heating section 12, and the
second heating section 13. In the example shown 1n FIGS.
1B and 2, two fixing plates 19 are fitted 1n the flanges 16, and
the first heating section 12, the second heating section 13,
and the bottom plate 17 are fixed. By the fixing plates 19, the
strength of the structure of the main body 10 1s increased,
and therefore, the main body 10 1s not easily damaged.
The nucleic acid amplification reaction apparatus 1 of the
embodiment includes the lid 50. In the example shown 1n
FIGS. 1A and 4A, the mounting section 11 1s covered with
the lid 50. By covering the mounting section 11 with the Iid
50, when heating 1s performed by the first heating section 12,
the release of heat from the main body 10 to the outside can
be prevented, and therefore, the temperature in the main
body 10 can be stabilized. The lid 50 may be fixed to the
main body 10 by a fixing section 51. In the embodiment, the
fixing section 51 1s a magnet. As shown 1n the example of
FIGS. 1B and 2, a magnet 1s provided on a surface of the
main body 10 which comes into contact with the lid 50.
Although not shown i FIGS. 1B and 2, a magnet 1s also
provided for the lid 50 1 a spot with which the magnet of
the main body 10 comes into contact. When the mounting
section 11 1s covered with the 1id 50, the 1id 50 1s fixed to the
main body 10 with a magnetic force. Accordingly, the 1id 50
can be prevented from moving or being detached from the
main body when the main body 10 i1s driven by the driving
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mechanism 20. As a result, the temperature in the nucleic
acid amplification reaction apparatus 1 can be prevented

from changing due to the detachment of the lid 50. Thus, 1t
1s possible to subject a reaction solution 140, which will be
described later, to a more accurate thermal cycle.

It 1s preferable that the main body 10 has a highly airtight
structure. When the main body 10 has a highly airtight
structure, the air 1n the main body 10 1s not easily released
to the outside of the main body 10. Thus, the temperature in
the main body 10 1s further stabilized. In the embodiment, as
shown 1n FIG. 2, a space 1in the main body 10 1s hermetically
sealed by the two flanges 16, the bottom plate 17, the two
fixing plates 19, and the lid 50.

It 1s preferable that the fixing plate 19, the bottom plate
17, the Iid 50, and the flange 16 are formed using a heat
insulating material. Accordingly, the heat from the main
body 10 to the outside can be further prevented from being,

released. Therefore, the temperature in the main body 10 can
be further stabilized.

1-2. Thermal Cycling Process Using Nucleic Acid
Amplification Reaction Apparatus According to
Embodiment

FIGS. 3A and 3B are cross-sectional views of the nucleic
acid amplification reaction vessel 100 according to the
embodiment. FIGS. 4A and 4B are cross-sectional views
schematically showing a cross section of the nucleic acid
amplification reaction apparatus 1 according to the embodi-
ment taken along line A-A i FIG. 1A. FIGS. 4A and 4B
show states 1n which the nucleic acid amplification reaction
vessel 100 1s mounted on the nucleic acid amplification
reaction apparatus 1. FIG. 4A shows a first arrangement and
FIG. 4B shows a second arrangement. FIG. 5 1s a flowchart
showing a procedure of a thermal cycling process using the
nucleic acid amplification reaction apparatus 1 according to
the embodiment. Hereinafter, first, the nucleic acid ampli-
fication reaction vessel 100 according to the embodiment
will be described and then, the thermal cycling process using,
the nucleic acid amplification reaction apparatus 1 according,
to the embodiment 1n the case of using the nucleic acid
amplification reaction vessel 100 will be described.

As shown 1n the example of FIGS. 3A and 3B, the nucleic
acid amplification reaction vessel 100 according to the
embodiment includes a flow channel 110 and a sealing
section 120. The flow channel 110 1s filled with a reaction
solution 140 and a liquud 130 which has a specific gravity
smaller than the reaction solution 140 and 1s immaiscible with
the reaction solution 140 (hereinatter, referred to as “liquid™)
and sealed with the sealing section 120.

FIGS. 3A and 3B are cross-sectional views of the nucleic
acid amplification reaction vessel 100 according to the
embodiment, of which FIG. 3A 1s a cross-sectional view of
the nucleic acid amplification reaction vessel 100 in a
parallel direction with respect to the first inner wall 113 and
the second 1nner wall 114 that are opposite to each other and
FIG. 3B 1s a cross-sectional view of the nucleic acid
amplification reaction vessel 100 1n a direction orthogonal
with respect to the first inner wall 113 and the second inner
wall 114 (hereinafter, refers to as a “thickness direction™).
The shape of the nucleic acid amplification reaction vessel
100 1s flat and the tlow channel 110 for moving the nucleic
acid amplification reaction solution during the operation of
the nucleic acid amplification reaction apparatus 1s formed
in the direction along the center axis (vertical direction 1n
FIGS. 3A and 3B). The nucleic acid amplification reaction
vessel 100 1s sealed with the sealing section 120. The center
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of a bottom section 170 of the nucleic acid amplification
reaction vessel 100 1s formed so as to protrude outward such
that the droplet of the nucleic acid amplification reaction
solution 140 put 1n the vessel 1s easily located at the center
ol the bottom section 170. The first inner wall 113 and the
second inner wall 114 are flat. A distance between the first
inner wall 113 and the second inner wall 114 (width a in FIG.
3B) i1s a length 1n which one droplet of the nucleic acid
amplification reaction solution 140 that 1s poured into the
nucleic acid amplification reaction vessel 100 comes 1nto
contact with both the first inner wall 113 and the second
inner wall 114 at the same time. For example, when 1 ul to
7 ul of the nucleic acid amplification reaction solution 140
1s poured, the distance between the first inner wall 113 and
the second inner wall 114 1s preferably 0.2 mm to 1.4 mm,
and more preferably 0.2 mm to 0.8 mm. In addition, a
distance between a third inner wall 115 and a fourth inner
wall 116, which are inner walls of the side surfaces opposite
to each other, (width ¢ 1n FIG. 3A) 15 a length 1n which one

droplet of the nucleic acid amplification reaction solution
140 does not come 1nto contact with both the third mnner wall
115 and the fourth inner wall 116 at the same time, and 1s
preferably twice or more the diameter of the droplet when
seen from the thickness direction of the nucleic acid ampli-
fication reaction vessel 100, and more preferably three times
or more the diameter of the droplet so that the movement of
the droplet of the nucleic acid amplification reaction solution
140 1n the flow channel 110 1n the longitudinal direction 1s
not disturbed.

When the nucleic acid amplification reaction vessel 100
according to the embodiment 1s used, in the case in which
the nucleic acid amplification reaction solution 140 moves in
the longitudinal direction of the nucleic acid amplification
reaction vessel 100, the nucleic acid amplification reaction
solution 140 constantly comes into contact with both
opposed mner walls of the nucleic acid amplification reac-
tion vessel 100. Thus, the movement of the nucleic acid
amplification reaction solution 140 1n the direction perpen-
dicular to the inner walls 1s limited and thus unevenness 1n
a speed at which the nucleic acid amplification reaction
solution moves 1s suppressed and the nucleic acid can be
stably amplified.

In addition, 1n the nucleic acid amplification reaction
vessel 100 according to the embodiment, since the {fall
position of the nucleic acid amplification reaction solution
140 1s stabilized 1n the thickness direction of the nucleic acid
amplification reaction vessel 100, as shown 1n the following
Modification Example 1, fluorescence measurement for the
nucleic acid amplification reaction solution 140 from a
horizontal direction 1s easily achieved. In the related art,
fluorescence measurement for the nucleic acid amplification
reaction vessel from a downward direction 1s performed, but
impurities for blocking light may be settled on the bottom of
the nucleic acid amplification reaction vessel. Therefore,
when fluorescence measurement from the horizontal direc-
tion 1s performed, more accurate measurement may be
performed.

The amount of the droplet of the nucleic acid amplifica-
tion reaction solution 140 poured 1s preferably 1.5 ul or
more, and the distance between the first inner wall 113 and
the second mnner wall 114 (width a 1n FIG. 3B) is preferably
0.6 mm or less. Under the condition, as shown 1n examples,
the nucleic acid amplification reaction solution 140 1s inter-
posed between the first inner wall 113 and the second inner
wall 114 of the nucleic acid amplification reaction vessel
100 and the droplet of the nucleic acid amplification reaction
solution 140 1s compressed in the thickness direction, and
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the size thereof 1s enlarged 1n a direction orthogonal to the
thickness direction. Accordingly, the diameter b of the
droplet when seen from the thickness direction of the nucleic
acid amplification reaction vessel 1s larger than the diameter
of the droplet when the shape of the droplet 1s spherical 1n
the case in which there 1s no compression eflect by the first
inner wall 113 and the second 1inner wall 114. Since the heat
generated by the heating section 1s directly transierred to the
nucleic acid amplification reaction solution 140 from the
wall surfaces of the nucleic acid amplification reaction
vessel 100 1n a wide area without an oi1l, the heat transter
clliciency 1s high.

The first region 111 of the nucleic acid amplification
reaction vessel 100 1s apart of the flow channel 110 which 1s
heated to the first temperature by the first heating section 12.
The second region 112 1s a part of the flow channel 110
which 1s different from the first region 111 and 1s heated to
the second temperature by the second heating section 13. In
the nucleic acid amplification reaction vessel 100 of the
embodiment, the first region 111 1s a region including one
end portion 1n the longitudinal direction of the flow channel
110, and the second region 112 i1s a region including the
other end portion 1n the longitudinal direction of the tlow
channel 110. In the example shown in FIGS. 4A and 4B, a
region surrounded by the dotted line including an end
portion on the proximal side of the sealing section 120 of the
flow channel 110 1s the second region 112, and a region
surrounded by the dotted line including an end portion on the
distal side of the sealing section 120 1s the first region 111.

The flow channel 110 1s filled with the liquid 130 and the
reaction solution 140. Since the liquid 130 1s immiscible
with the reaction solution 140, that 1s, has properties such
that the liquid 1s not mixed with the reaction solution, the
reaction solution 140 1s held 1n a state of a liquid droplet in
the liquid 130 as shown 1 FIGS. 3A and 3B. The reaction
solution 140 1s located 1n the lowermost portion of the flow
channel 110 with respect to the gravitational direction
because the reaction solution has a specific gravity greater
than the liquid 130. As the liquid 130, for example, dimethyl
s1licone o1l or paraflin o1l can be used. The reaction solution
140 1s a liqmd contaiming components required for a reac-
tion. When the reaction 1s PCR, the reaction solution con-
tains a DNA (a target nucleic acid) to be amplified by PCR,
a DNA polymerase required for amplifying the DNA, a
primer, and the like. For example, when performing PCR
using an oil as the liquid 130, the reaction solution 140 1s
preferably an aqueous solution containing the above-de-

scribed components.
Hereinafter, with reterence to FIGS. 4A, 4B, and 5, the

thermal cycling process using the nucleic acid amplification
reaction apparatus 1 according to the embodiment will be
described. In FIGS. 4A and 4B, the direction indicated by
the arrow g (in the downward direction 1n the drawing) 1s the
gravitational direction. In the embodiment, a case where
shuttle PCR (two-stage temperature PCR) 1s performed will
be described as an example of the thermal cycling process.
The respective processes described below are shown as an
example of a thermal cycling process, and according to the
need, the order of the processes may be changed, two or
more processes may be performed continuously or concur-
rently, or a process may be added.

The shuttle PCR 1s a method of amplifying a nucleic acid
in a reaction solution by subjecting the reaction solution to
a two-stage temperature process repeatedly between a high
temperature and a low temperature. In the process at a high
temperature, denaturation of a double-stranded DNA 1s
performed and 1n the process at a low temperature, annealing,
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(a reaction 1 which a primer 1s bound to a single-stranded
DNA) and an extension reaction (a reaction in which a
complementary strand to the DNA 1s formed by using the
primer as a starting point) are performed.

In general, 1n the shuttle PCR, the high temperature 1s a
temperature between 80° C. and 100° C. and the low
temperature 1s a temperature between 50° C. and 70° C. The
processes at the respective temperatures are performed for a
predetermined period, and a period of maintaining the
reaction solution at a high temperature 1s generally shorter
than a period of maintaining the reaction solution at a low
temperature. For example, the period for the process at a
high temperature may be about 1 second to 10 seconds, and
the period for the process at a low temperature may be about
10 seconds to 60 seconds, or a period longer than the above
range may be adopted depending on the condition of the
reaction.

Since the appropriate period, temperature, and number of
cycles (number of times of repetition of the process at a high
temperature and the process at a low temperature) change
depending on the type or amount of a reagent to be used, 1t
1s preferable to determine an appropriate protocol 1n con-
sideration of the type of a reagent or the amount of the
reaction solution 140 before performing the reaction.

First, the nucleic acid amplification reaction vessel 100
according to the embodiment 1s mounted in the mounting
section 11 (Step S101). In the embodiment, the nucleic acid
amplification reaction vessel 100, in which the reaction
solution 140 1s introduced 1nto the flow channel 110 which
1s filled with the liqud 130, and thereafter the flow channel
110 1s sealed with the sealing section 120, 1s mounted in the
mounting section 11. The introduction of the reaction solu-
tion 140 can be performed using a micropipette, an ink jet
dispenser, or the like. In a state 1n which the nucleic acid
amplification reaction vessel 100 1s mounted 1n the mount-
ing section 11, the first heating section 12 1s 1n contact with
the nucleic acid amplification reaction vessel 100 at a
position including the first region 111 and the second heating
section 13 1s 1n contact with the nucleic acid amplification
reaction vessel 100 at a position including the second region
112. In the embodiment, as shown 1n FIG. 4A, by mounting,
the nucleic acid amplification reaction vessel 100 1n contact
with the bottom plate 17, the nucleic acid amplification
reaction vessel 100 can be held at a predetermined position
with respect to the first heating section 12 and the second
heating section 13.

In the embodiment, the arrangement of the mounting
section 11, the first heating section 12, and the second
heating section 13 1n Step S101 1s the first arrangement. As
shown 1n FIG. 4A, the first arrangement 1s an arrangement
in which the first region 111 1s on the lower side of the
second region 112 with respect to the gravitational direction.
In the embodiment, the first arrangement 1s an arrangement
in which the first region 111 of the nucleic acid amplification
reaction vessel 100 1s located 1n the lowermost portion of the
flow channel 110 with respect to the gravitational direction.
Accordingly, when the mounting section 11, the first heating
section 12, and the second heating section 13 are in a
predetermined arrangement, the first region 111 1s a part of
the flow channel 110 located 1n the lowermost portion of the
flow channel 110 with respect to the gravitational direction.
Since the first region 111 1s located 1n the lowermost portion
of the flow channel 110 with respect to the gravitational
direction 1n the first arrangement, the reaction solution 140
having a specific gravity larger than the liquid 130 1s located
in the first region 111. In the embodiment, after the nucleic
acid amplification reaction vessel 100 1s mounted 1n the
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mounting section 11, the mounting section 11 1s covered
with the lid 50, and then the nucleic acid amplification
reaction apparatus 1 1s operated. In the embodiment, when
the nucleic acid amplification reaction apparatus 1 1s oper-
ated, Step S102 and Step S103 are started.

In Step S102, the nucleic acid amplification reaction
vessel 100 1s heated by the first heating section 12 and the
second heating section 13. The first heating section 12 and
the second heating section 13 heat different regions of the
nucleic acid amplification reaction vessel 100 to diflerent
temperatures. That 1s, the first heating section 12 heats the
first region 111 to the first temperature, and the second
heating section 13 heats the second region 112 to the second
temperature. Accordingly, a temperature gradient in which
the temperature gradually changes between the first tem-
perature and the second temperature 1s formed between the
first region 111 and the second region 112 of the flow
channel 110. In the embodiment, the first temperature 1s a
relatively high temperature among the temperatures suitable
for the intended reaction 1n the thermal cycling process, and
the second temperature 1s a relatively low temperature
among the temperatures suitable for the intended reaction 1n
the thermal cycling process. Theretore, in Step S102 1n the
embodiment, a temperature gradient 1n which the tempera-
ture 1s decreased from the first region 111 to the second
region 112 1s formed. Since the thermal cycling process in
the embodiment 1s the shuttle PCR, the first temperature 1s
preferably a temperature suitable for the denaturation of a
double-stranded DNA, and the second temperature 1s pret-
crably a temperature suitable for the annealing and the
extension reaction.

Since the arrangement of the mounting section 11, the first
heating section 12, and the second heating section 13 1n Step
5102 1s the first arrangement, when the nucleic acid ampli-
fication reaction vessel 100 1s heated in Step S102, the
reaction solution 140 1s heated to the {first temperature.
Therefore, 1n Step S102, the reaction at the first temperature
1s performed for the reaction solution 140.

In Step S103, it 15 determined whether or not the first
period has elapsed in the first arrangement. In the embodi-
ment, the determination 1s performed by the control section
(not shown). The first period 1s a period in which the
mounting section 11, the first heating section 12, and the
second heating section 13 are held in the first arrangement.
In the embodiment, when Step S103 i1s performed subse-
quent to the mounting 1n Step S101, that 1s, when the first
Step S103 15 performed, it 1s determined whether or not the
pertod from when the nucleic acid amplification reaction
apparatus 1 1s operated has reached the first period. Since the
reaction solution 140 1s heated to the first temperature 1n the
first arrangement, the first period 1s preferably defined as a
period 1n which the reaction solution 140 1s subjected to the
reaction at the first temperature in the intended reaction. In
the embodiment, the first period 1s preferably defined as a
period required for the denaturation of a double-stranded
DNA.

In Step S103, when 1t 1s determined that the first period
has elapsed (yes), the process proceeds to Step S104. When
it 1s determined that the first period has not elapsed (no),
Step S103 1s repeated.

In Step S104, the main body 10 1s driven by the driving
mechanism 20, and the arrangement of the mounting section
11, the first heating section 12, and the second heating
section 1s switched from the first arrangement to the second
arrangement. The second arrangement 1s an arrangement 1n
which the second region 112 1s on the lower side of the first
region 111 with respect to the vertical direction. In the
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embodiment, the second arrangement 1s an arrangement 1n
which the second region 112 1s located in the lowermost
portion of the flow channel 110 with respect to the gravita-
tional direction. In other words, the second region 112 1s a
region located in the lowermost portion of the flow channel
110 with respect to the gravitational direction when the
mounting section 11, the first heating section 12, and the
second heating section 13 are 1n a predetermined arrange-
ment different from the first arrangement.

In Step S104 of the embodiment, the arrangement of the
mounting section 11, the first heating section 12, and the
second heating section 13 1s switched {from the state in FIG.
4 A to the state in FIG. 4B. In the nucleic acid amplification
reaction apparatus 1 of the embodiment, by the control of the
control section, the driving mechanism 20 rotatively drives
the main body 10. When the flanges 16 are rotatively driven
by the motor by using the drive shait as the axis of rotation,
the mounting section 11, the first heating section 12, and the
second heating section 13 which are fixed to the flanges 16
are rotated. Since the drive shatt 1s a shaft extending 1n the
direction perpendicular to the longitudinal direction of the
mounting section 11, when the drive shaft 1s rotated by the
operation of the motor, the mounting section 11, the first
heating section 12, and the second heating section 13 are
rotated. In the example shown 1n FIGS. 4A and 4B, the main
body 10 1s rotated by 180°. Then, the arrangement of the
mounting section 11, the first heating section 12, and the
second heating section 13 1s switched from the first arrange-
ment to the second arrangement.

In Step S104, since the positional relationship between
the first region 111 and the second region 112 with respect
to the gravitational direction 1s opposite from that of the first
arrangement, the reaction solution 140 moves from the first
region 111 to the second region 112 by the gravitational
force. After the arrangement of the mounting section 11, the
first heating section 12, and the second heating section 13
has reached the second arrangement, when the control
section stops the operation of the driving mechanism 20, the
mounting section 11, the first heating section 12, and the
second heating section 13 are held in the second arrange-
ment. After the arrangement of the mounting section 11, the
first heating section 12, and the second heating section 13
has reached the second arrangement, Step S1035 1s started.

In Step S105, it 1s determined whether or not the second
period has elapsed 1n the second arrangement. The second
period 1s a period in which the mounting section 11, the first
heating section 12, and the second heating section 13 are
held 1 the second arrangement. In the embodiment, since
the second region 112 has been heated to the second tem-
perature 1 Step S102, 1n Step S105 of the embodiment, 1t 1s
determined whether or not the second period has been
reached from when the arrangement of the mounting section
11, the first heating section 12, and the second heating
section 13 has reached the second arrangement. In the
second arrangement, the reaction solution 140 1s held 1n the
second region 112, and thus, the reaction solution 140 1s
heated to the second temperature during a period in which
the main body 10 1s held in the second arrangement.
Accordingly, the second period 1s preferably defined as a
period 1n which the reaction solution 140 1s heated to the
second temperature 1n the mtended reaction. In the embodi-
ment, the second period 1s preferably defined as a period
required for the annealing and the extension reaction.

In Step S105, when 1t 1s determined that the second period
has elapsed (yes), the process proceeds to Step S106. When
it 1s determined that the second period has not elapsed (no),
Step S103 1s repeated.
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In Step S106, 1t 1s determined whether or not the number
of thermal cycles has reached a predetermined number of

cycles. Specifically, 1t 1s determined whether or not the
procedure from Step S103 to Step S105 has been performed
a predetermined number of times. In the embodiment, the
number of times that the procedure from Step S103 to Step
S105 1s completed 1s determined based on the number of
times that a determination of *“ves” 1s made. When the
procedure from Step S103 to Step S105 1s performed once,
the reaction solution 140 1s subjected to the thermal cycle
once, and thus, the number of times that the procedure from
Step S103 to Step S105 15 performed can be used as the
number of thermal cycles. Accordingly, in Step S106, it can
be determined whether or not the thermal cycle has been
performed a necessary number of times required for the
intended reaction.

In Step S106, when 1t 1s determined that the thermal cycle
has been performed a predetermined number of times (yes),
the process 1s completed (END). When 1t 1s determined that
the thermal cycle has not been performed a predetermined
number of times (no), the process proceeds to Step S107.

In Step S107, the arrangement of the mounting section 11,
the first heating section 12, and the second heating section
13 1s switched from the second arrangement to the first
arrangement. When the main body 10 1s driven by the
driving mechanism 20, the arrangement of the mounting
section 11, the first heating section 12, and the second
heating section 13 can be switched to the first arrangement.
After the arrangement of the mounting section 11, the first
heating section 12, and the second heating section 13 has
reached the first arrangement, Step S103 1s started.

When Step S103 1s performed subsequent to Step S107,
that 1s, 1n Step S103 for the second time and subsequent
times, 1t 1s determined whether or not the first period has
been reached from when the arrangement of the mounting,
section 11, the first heating section 12, and the second
heating section 13 has reached the first arrangement.

The direction of the rotation of the mounting section 11,
the first heating section 12, and the second heating section
13 by the driving mechanism 20 1s preferably the opposite
direction of the rotation 1n Step S104 and the rotation 1n Step
S107. Accordingly, since twist generated 1n wires such as the
conductive wire 15 1s eliminated by rotation, wire deterio-
ration can be suppressed. The rotation direction 1s preferably
iversed 1n every operation by the driving mechanism 20.
Then, compared to a case in which plural times of rotations
in the same direction are performed, the degree of wire
twisting can be reduced.

2. Modification Examples

Hereinafter, modification examples will be described
based on the embodiment. FIGS. 6 A and 6B are perspective
views showing a nucleic acid amplification reaction appa-
ratus 2 according to a modification example, of which FIG.
6A shows a state 1n which a Iid 50 1s closed and FIG. 6B
shows a state 1n which the lid 50 1s opened. FIG. 7 1s a
cross-sectional view schematically showing a cross section
of a main body 10q of the nucleic acid amplification reaction
apparatus 2 according to the modification example taken
along line B-B in FIG. 6A. The following modification
examples can be arbitrarily combined as long as their
configurations are consistent with each other, and the nucleic
acid amplification reaction apparatus 2 shown in FIGS. 6A
to 7 1s an example of combining the configurations of
Modification Examples 1, 4, 16, and 17. These modification
examples will be described with reference to FIGS. 6A to 7.
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In the following description, components different from
those of the embodiment will be described in detail, and the
same components as those of the embodiment will be
denoted by the same reference signs and the description
thereof will be omutted.

Modification Example 1

In the embodiment, the example 1n which the nucleic acid
amplification reaction apparatus 1 does not include a detec-
tion device 1s shown. However, as shown in FIGS. 6 A and
6B, the nucleic acid amplification reaction apparatus 2
according to this modification example may include a fluo-
rescence detector 40 for measuring the amount of nucleic
acid through the side wall of the second region 112 of the
nucleic acid amplification reaction vessel. Accordingly, the
nucleic acid amplification reaction apparatus 2 can be used
in, for example, an analysis accompanied with fluorescence
detection such as real-time PCR. The number of the fluo-
rescence detectors 40 1s arbitrary as long as the detection can
be performed without any problems. In this modification
example, a single fluorescence detector 40 1s moved along a
slide 22 to perform fluorescence detection. In order to
perform fluorescence detection, a hole 1s provided on the
side surface portion of the second heating section 13 of the
main body 10aq and a measurement window 18 (refer to
FIGS. 6A to 7) 1s formed. When the nucleic acid amplifi-
cation reaction solution 1s located 1n the second region 112,
the fluorescence detector 40 emits excitation light to the side
wall of the second region 112 of the nucleic acid amplifi-
cation reaction vessel through the measurement window 18
and the amount of fluorescence radiated 1s measured. Then,
the amount of nucleic acid amplified in the nucleic acid
amplification reaction solution 140 can be measured.

In the modification example, in the nucleic acid amplifi-
cation reaction apparatus 2 shown in FIGS. 6A to 7, the first
heating section 12 1s provided on the proximal side of the lid
50 and the second heating section 13 i1s provided on the
distal side of the lid 50. That 1s, the positional relationship
among the first heating section 12, the second heating
section 13, and the other members included 1n the main body
10 1s different from that of the nucleic acid amplification
reaction apparatus 1. The functions of the first heating
section 12 and the second heating section 13 are the same as
in the first embodiment except that the positional relation-
ship 1s different. In this modification example, as shown 1n
FIG. 7, the measurement window 18 1s provided on the side
surface of the second heating section 13. Accordingly, in the
real-time PCR 1n which fluorescence measurement 1s per-
formed on the side of a low temperature (a temperature at
which annealing and an extension reaction are performed),
the fluorescence measurement can be appropriately per-
formed.

Modification Example 2

In the embodiment, the first temperature and the second
temperature are set to be a constant value throughout the
thermal cycling process. However, at least one of the first
temperature and the second temperature may be changed
during the process. The first temperature and the second
temperature can be changed by the control from the control
section. By changing the arrangement of the first heating
section 12 and the mounting section 11 to move the reaction
solution 140, the reaction solution 140 can be heated to the
changed temperature. Accordingly, for example, a reaction
which requires a combination of two or more temperatures
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such as reverse transcription-PCR can be performed without
increasing the number of the heating sections or making the
structure of the apparatus complicated.

Modification Example 3

In the embodiment, the example 1n which the mounting
section 11 has a slot structure 1s shown. However, the
structure of the mounting section 11 may be any structure as
long as the mounting section 11 can hold the nucleic acid
amplification reaction vessel 100. For example, a structure
in which the nucleic acid amplification reaction vessel 100
1s fitted 1nto a recess formed to be fitted for the shape of the
nucleic acid amplification reaction vessel 100 or a structure
in which the nucleic acid amplification reaction vessel 100
1s held by pinching may be adopted.

Modification Example 4

In the embodiment, the structure that defines the position
of the nucleic acid amplification reaction vessel 100 1s the
bottom plate 17. However, the structure that defines the
position may be any structure as long as the nucleic acid
amplification reaction vessel 100 can be held at a desired
position. The structure that defines the position may be a
structure provided 1n the nucleic acid amplification reaction
apparatus 1 or a structure provided in the nucleic acid
amplification reaction vessel 100 or a combination of both.
For example, a screw, a plug-in stick, a structure in which a
protrusion 1s provided in the nucleic acid amplification
reaction vessel 100, or a structure in which the mounting,
section 11 and the nucleic acid amplification reaction vessel
100 are engaged with each other can be adopted. In the case
of using a screw or a stick, such a structure may be
configured such that the position of the nucleic acid ampli-
fication reaction vessel 100 to be held can be adjusted
according to the reaction condition of the thermal cycle, the
s1ize of the nucleic acid amplification reaction vessel 100,
and the like by changing the length of the screw or the
insertion length of the screw, or changing the insertion
position of the stick.

Modification Example 5

In the embodiment, the example 1n which the first heating
section 12 and the second heating section 13 are each a
cartridge heater 1s shown. However, the first heating section
12 and the second heating section 13 may be any heating
section as long as the first heating section 12 can heat the
first region 111 to the first temperature and the second
heating section 13 can heat the second region 112 to the
second temperature. For example, as the first heating section
12 and the second heating section 13, a carbon heater, a sheet
heater, an induction heater (IH), a Peltier device, a heating
liquid, or a heating gas can be used. In addition, different
heating mechanisms may be adopted as the first heating
section 12 and the second heating section 13.

Modification Example 6

In the embodiment, the example 1n which the nucleic acid
amplification reaction vessel 100 1s heated by the first
heating section 12 and the second heating section 13 1s
shown. However, a cooling section that cools the second
region 112 may be provided instead of the second heating
section 13. As the cooling section, for example, a Peltier
device can be used. Accordingly, for example, even in the
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case 1n which the temperature of the second region 112 1s not
casily decreased due to heat from the first region 111 of the
nucleic acid amplification reaction vessel 100, a desired
temperature gradient can be formed 1n the flow channel 110.
Further, for example, 1t 1s possible to subject the reaction
solution 140 to a thermal cycle 1n which heating and cooling
are repeated.

Modification Example 7

In the embodiment, the example 1n which the maternial of
the first heat block 1256 and the second heat block 135 1s
aluminum 1s shown. However, the material of the heat
blocks can be selected 1n consideration of the condition such
as thermal conductivity, heat retention, or processability. For
example, a copper alloy may be used, or plural matenals
may be used 1n combination. Further, the first heat block 1256
and the second heat block 135 may be made of a different
material.

Modification Example 8

As shown i1n the embodiment, 1n the case 1n which the
mounting section 11 1s formed as a part of the first heating
section 12, a mechanism for bringing the nucleic acid
amplification reaction vessel 100 into close contact with the
mounting section 11 may be provided. Such a mechanism
may be any mechamsm as long as 1t can bring at least a part
of the nucleic acid amplification reaction vessel 100 into
close contact with the mounting section 11. For example,
with a spring provided in the main body 10 or the 11id 50, the
nucleic acid amplification reaction vessel 100 may be
pressed against one of the wall surfaces of the mounting
section 11. Accordingly, since heat of the first heating
section 12 can be more stably transferred to the nucleic acid
amplification reaction vessel 100, the temperature of the
nucleic acid amplification reaction vessel 100 can be further
stabilized.

Modification Example 9

In the embodiment, the example 1n which the tempera-
tures of the first heating section 12 and the second heating
section 13 are controlled to be substantially the same as the
temperatures to which the nucleic acid amplification reac-
tion vessel 100 1s heated 1s shown. However, the control of
the temperatures of the first heating section 12 and the
second heating section 13 1s not limited to the embodiment.
The temperatures of the first heating section 12 and the
second heating section 13 may be any temperature as long
as the temperatures are controlled so that the first region 111
and the second region 112 of the nucleic acid amplification
reaction vessel 100 are heated to a desired temperature. For
example, by considering the material and the size of the
nucleic acid amplification reaction vessel 100, the first
region 111 and the second region 112 can be more accurately
heated to a desired temperature.

Modification Example 10

In the embodiment, the example in which the driving
mechanism 20 1s a motor 1s shown. However, the driving
mechanism 20 may be any mechanism as long as 1t 1s a
mechanism capable of driving the mounting section 11, the
first heating section 12, and the second heating section 13.
In the case 1n which the driving mechanism 20 1s a mecha-
nism that rotates the mounting section 11, the first heating
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section 12, and the second heating section 13, 1t 1s preferable
that the driving mechanism 20 can control the rotation speed
to an extent that the temperature gradient of the liquid 130
1s not destroyed by the centrifugal force. In addition, 1n order
to eliminate twisting of a wiring, 1t 1s preferable that the
driving mechanism 20 can reverse the rotation direction. As
such a mechanism, for example, a handle, a spring, and the
like can be adopted.

Modification Example 11

In the embodiment, the example 1n which the mounting
section 11 1s a part of the first heating section 12 1s shown.
However, the mounting section 11 and the first heating
section may be separate members as long as the positional
relationship between both members does not change when
the driving mechanism 20 1s operated. In the case 1n which
the mounting section 11 and the first heating section 12 are
separate members, both members are preferably fixed to
cach other directly or through another member. In addition,
the mounting section 11 and the first heating section 12 may
be driven by the same mechanism or by different mecha-
nisms, but are preferably operated such that the positional
relationship between both members 1s kept constant.
Accordingly, when the driving mechamism 20 1s operated,
the positional relationship between the mounting section 11
and the first heating section 12 can be kept constant, and
thus, a predetermined region of the nucleic acid amplifica-
tion reaction vessel 100 can be heated to a predetermined
temperature. Incidentally, 1n the case in which the mounting,
section 11, the first heating section 12, and the second
heating section 13 are driven by different mechanisms, the
different mechanisms are collectively referred to as the
driving mechanism 20.

Modification Example 12

In the embodiment, the example in which the temperature
sensor 1s a thermocouple 1s shown. However, for example,
a resistance temperature detector or a thermistor may be
used.

Modification Example 13

In the embodiment, the example in which the fixing
section 51 1s a magnet 1s shown. However, the fixing section
51 may be any {ixing section as long as 1t can fix the lid 50
and the main body 10. For example, a hinge or a catch clip
may be adopted.

Modification Example 14

In the embodiment, the direction of the drive shaft 1s set
to be perpendicular to the longitudinal direction of the
mounting section 11, but 1s arbitrary as long as 1t can switch

the arrangement of the mounting section 11, the first heating
section 12, and the second heating section 13 between the
first arrangement and the second arrangement. In the case 1n
which the driving mechanism 20 1s a mechanism that
rotatively drives the mounting section 11, the first heating
section 12, and the second heating section 13, the arrange-
ment of the mounting section 11, the first heating section 12,
and the second heating section 13 can be switched by setting
a straight line which 1s not 1n parallel with the longitudinal
direction of the mounting section 11 as the axis of rotation.

Modification Example 15

In the embodiment, the example in which the control
section 1s an electronic control system 1s shown. However,
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the control section that controls the first period and the
second period (a period control section) can be any control
section as long as 1t can control the first period and the
second period. That 1s, the control section can be any control
section as long as 1t can control the timing of operation and
stopping of the driving mechanism 20. In addition, the

control section that controls the number of thermal cycles (a
cycle number control section) may be any control section as
long as 1t can control the number of thermal cycles. As the
period control section and the cycle number control section,
for example, a physical mechanism or an electronic control
mechanism, or a combination thereof can be adopted.

Modification Example 16

The nucleic acid amplification reaction apparatus may
include a setting section 25 as shown in FIGS. 6A and 6B.
The setting section 25 1s a user interface (Ul), and 1s a device
that sets the condition of the thermal cycle. By operating the
setting section 25, at least one of the first temperature, the
second temperature, the first period, the second period, and
the number of thermal cycles can be set. The setting section
25 and the control section are mechanically or electronically
interlocked with each other, and the setting in the setting
section 25 1s reflected in the control of the control section.
Accordingly, since the condition of the reaction can be
changed, the reaction solution 140 can be subjected to a
desired thermal cycle. The setting section 25 may be con-
figured such that any one of the above-described 1tems can
be individually set, or that when, for example, one reaction
condition 1s selected from previously registered plural reac-
tion conditions, necessary items are automatically set. In the
example shown 1in FIGS. 6A and 6B, the setting section 25
uses a button system, and by pushing a button among
buttons provided for individual items, the reaction condition
can be set.

Modification Example 17

The nucleic acid amplification reaction apparatus may
include a display section 24 as shown 1n FIGS. 6A and 6B.
The display section 24 1s a display device, and displays
various items of information relating to the nucleic acid
amplification reaction apparatus. The display section 24 may
display the condition set by the setting section 25 or the
actual period or temperature during the thermal cycling
process. For example, when the setting 1s performed, an
input condition 1s displayed, and during the thermal cycling
process, a temperature measured by the temperature sensor,
an elapsed period 1n the first arrangement or the second
arrangement, or the number of thermal cycles performed
may be displayed. Further, when the thermal cycling process
1s completed, or when any abnormality occurs 1n the appa-
ratus, the event may be displayed. Further, a voice guided
notification may also be performed. By performing the
display or the voice guided noftification, a user of the
apparatus can easily recognize the progress status or
completion of the thermal cycling process.

Modification Example 18

In the embodiment, the liquid 130 1s a liqud having a
specific gravity smaller than the reaction solution 140.
However, the liquid 130 may be any liquid as long as it 1s
a liquid which 1s immiscible with the reaction solution 140
and has a specific gravity diflerent from the reaction solution
140. For example, a liquid which 1s immiscible with the
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reaction solution 140 and has a specific gravity larger than
the reaction solution 140 may be adopted. When the liquid
130 has a specific gravity larger than the reaction solution
140, the reaction solution 140 1s located 1n the uppermost

portion of the flow channel 110 with respect to the gravita-
tional direction.

Modification Example 19

In the embodiment, the direction of rotation 1n Step S104
and the direction of rotation 1 Step S107 are opposite to
each other. However, after the rotation in the same direction
1s performed plural times, the rotation in the opposite
direction may be performed the same number of times. By
doing this, twisting of a wiring can be eliminated, and thus,
deterioration of the wiring can be reduced as compared with
the case in which the rotation in the opposite direction 1s not
performed.

Modification Example 20

The nucleic acid amplification reaction apparatus 1
according to the embodiment includes the first heating
section 12 and the second heating section 13. However, the
second heating section 13 may not be provided. That 1s, as
the heating section, only the first heating section 12 may be
provided. Accordingly, the number of members to be used
can be reduced, and therefore, the production cost can be
reduced.

In this modification example, by heating the first region
111 of the nucleic acid amplification reaction vessel 100 by
the first heating section 12, a temperature gradient in which
the temperature gradually decreases with distance from the
first region 111 1s formed 1n the nucleic acid amplification
reaction vessel 100. Since the second region 112 1s a region
different from the first region 111, the temperature thereof 1s
maintained at the second temperature which 1s lower than
that of the first region 111. In this modification example, the
second temperature 1s controlled by, for example, the design
of the nucleic acid amplification reaction vessel 100, the

properties of the liquid 130, the setting of the temperature of

the first heating section 12, and the like.

In this modification example, by switching the arrange-
ment of the mounting section 11 and the first heating section
12 between the first arrangement and the second arrange-
ment by the driving mechanism 20, the reaction solution 140
can be moved between the first region 111 and the second
region 112. Since the first region 111 and the second region
112 are maintained at different temperatures, 1t 1s possible to
subject the reaction solution 140 to a thermal cycle.

When the second heating section 13 is not provided, the
spacer 14 holds the first heating section 12. Accordingly, the
position of the first heating section 12 in the main body 10
can be more accurately defined, and thus, the first region 111
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a heat insulating material, the temperatures of the first region
111 and the second region 112 can be further stabilized by
arranging the spacer 14 to surround the region of the nucleic
acid amplification reaction vessel 100 other than the region
to be heated by the first heating section 12.

The nucleic acid amplification reaction apparatus of the
modification example may have a mechanism for keeping
the temperature of the main body 10 constant. Accordingly,
the temperature of the second region 112 of the nucleic acid
amplification reaction vessel 100 1s further stabilized, and
thus, 1t 1s possible to subject the reaction solution 140 to a
more accurate thermal cycle. As the mechanism for keeping,
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the temperature of the main body 10 constant, for example,
a thermoregulated bath can be used.

Modification Example 21

In the embodiment, the example 1n which the nucleic acid
amplification reaction apparatus 1 includes the lid 50 1is
shown. However, the 1id 50 may not be provided. Accord-
ingly, the number of members to be used can be reduced, and
thus, the production cost can be reduced.

Modification Example 22

In the embodiment, the example 1n which the nucleic acid
amplification reaction apparatus 1 includes the spacer 14 1s
shown. However, the spacer 14 may not be provided.

Accordingly, the number of members to be used can be
reduced, and thus, the production cost can be reduced.

Modification Example 23

In the embodiment, the example 1n which the nucleic acid
amplification reaction apparatus 1 includes the bottom plate
17 1s shown. However, as shown 1in FIG. 7, the bottom plate
17 may not be provided. Accordingly, the number of mem-
bers to be used can be reduced, and thus, the production cost
can be reduced.

Modification Example 24

In the embodiment, the example 1n which the nucleic acid
amplification reaction apparatus 1 includes the fixing plate
19 1s shown. However, the fixing plate 19 may not be
provided. Accordingly, the number of members to be used
can be reduced, and thus, the production cost can be
reduced.

Modification Example 25

In the embodiment, the example in which the spacer 14
and the fixing plate 19 are separate members 1s shown.
However, as shown 1n FIG. 7, the spacer 14 and the fixing
plate 19 may be integrally formed. Further, the bottom plate
17 and the spacer 14, or the bottom plate 17 and the fixing
plate 19 may be integrally formed.

Modification Example 26

The spacer 14 and the fixing plate 19 may be transparent.
Accordingly, when a transparent nucleic acid amplification
reaction vessel 100 1s used 1n the thermal cycling process, a
manner 1n which the reaction solution 140 moves can be
observed from the outside of the apparatus. As a result, 1t can
be visually confirmed whether or not the thermal cycling
process 1s appropriately performed. Therefore, the degree of
the “transparency” in this case may be suflicient 11 the
movement of the reaction solution 140 can be visually
observed when the thermal cycling process 1s performed
using these members 1n the nucleic acid amplification reac-
tion apparatus 1.

Modification Example 27

In order to observe the inside of the nucleic acid ampli-
fication reaction apparatus 1, the nucleic acid amplification
reaction apparatus may be configured such that the spacer 14
1s made of a transparent material and the fixing plate 19 1s
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omitted, or the fixing plate 19 1s made of a transparent
material and the spacer 14 1s omitted, or both the spacer 14
and the fixing plate 19 are omitted. As the number of
members present between an observer and the nucleic acid
amplification reaction vessel 100 to be observed 1s
decreased, the eflect of the members on light refraction 1s
decreased, and thus, it becomes easy to observe the inside.
Further, as the number of members 1s small, the production
cost can be reduced.

Modification Example 28

In order to observe the inside of the nucleic acid ampli-
fication reaction apparatus 1, as shown 1n FIGS. 6 A to 7, an
observation window 23 may be provided 1n the main body
10a. The observation window 23 may be, for example, a
hole or a slit formed 1n the spacer 14 or the fixing plate 19.
In the example shown 1n FIG. 7, the observation window 23
1s a recess provided 1n the transparent spacer 14 integrally
tormed with the fixing plate 19. By providing the observa-
tion window 23, the thickness of the members existing
between an observer and the nucleic acid amplification
reaction vessel 100 to be observed can be decreased, and
thus, 1t becomes easy to observe the 1nside.

Modification Example 29

In the embodiment, the example 1n which the first heating
section 12 1s arranged on the side of the bottom plate 17 of
the main body 10, and the second heating section 13 1s
arranged on the side of the lid 50 1s shown. However, as
shown 1n FIG. 7, the first heating section 12 may be arranged
on the side of the 1id 50. In the case 1n which the first heating
section 12 1s arranged on the side of the 1id 50, the arrange-
ment of the mounting section 11, the first heating section 12,
and the second heating section 13 when the nucleic acid
amplification reaction vessel 100 1s mounted 1n Step S101 1n
the embodiment 1s the second arrangement. That 1s, the
second region 112 1s located 1n the lowermost portion of the
flow channel 110 with respect to the gravitational direction.
Accordingly, in the case 1 which the nucleic acid amplifi-
cation reaction apparatus 2 of the modification example 1s
applied to the thermal cycling process according to the
embodiment, when the nucleic acid amplification reaction
vessel 100 1s mounted i the mounting section 11, the
arrangement 1s switched to the first arrangement. Specifi-

cally, before the process proceeds from Step S101 to Step
5102 and Step S103, a process of Step S107 1s performed.

Modification Example 30

In the embodiment, the example in which the process of
heating the nucleic acid amplification reaction vessel 100 by
the first heating section 12 and the second heating section 13
(Step S102) and the process of determining whether or not
the first period has elapsed (Step S103) are started after the
nucleic acid amplification reaction vessel 100 1s mounted 1n
the mounting section 11 (Step S101) 1s shown. However, the
timing of starting Step S102 1s not limited to the embodi-
ment. Step S102 may be started at any timing as long as the
first region 111 1s heated to the first temperature by the time
when the period measurement 1s started 1n Step S103. The
timing of performing Step S102 1s determined in consider-
ation of the size or the material of the nucleic acid ampli-
fication reaction vessel 100 to be used, a period required for
heating the first heat block 1254, or the like. For example,
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Step S102 may be started before Step S101, or concurrently
with Step S101, or may be started after Step S101 and before
Step S103.

Modification Example 31

In the embodiment, the example 1n which the first tem-

perature, the second temperature, the first period, the second
period, the number of thermal cycles, and the operation of
the driving mechanism 20 are controlled by the control
section 1s shown. However, a user can control at least one of
these 1tems. When a user controls the first temperature or the
second temperature, for example, a temperature measured
by the temperature sensor 1s displayed on the display section
24, and the user may adjust the temperature by operating the
setting section 25. In the case in which a user controls the
number of thermal cycles, the user stops the nucleic acid
amplification reaction apparatus 1 when the number of
thermal cycles has reached a predetermined number of
cycles. The counting of the thermal cycles may be per-
formed by the user or by the nucleic acid amplification
reaction apparatus 1 and the number of thermal cycles may
be displayed on the display section 24.

In the case where a user controls the first period or the
second period, the user determines whether or not a prede-
termined period has been reached and causes the nucleic
acid amplification reaction apparatus 2 to switch the
arrangement of the mounting section 11, the first heating
section 12, and the second heating section 13. That is, the
user performs Step S103 and Step S105 and at least a part
of Step S104 and Step S107 shown 1n FIG. 5. The period
may be measured using a timer which 1s not interlocked with
the nucleic acid amplification reaction apparatus 2 or the
clapsed time may be displayed on the display section 24 of
the nucleic acid amplification reaction apparatus 2. The
switching of the arrangement may be performed by operat-
ing the setting section 25 (UI) or manually performed by
employing a handle 1n the driving mechamism 20.

Modification Example 32

In the embodiment, the example in which the angle of
rotation when the arrangement of the mounting section 11,
the first heating section 12, and the second heating section
13 1s switched by the rotation of the driving mechanism 20
1s 180° 1s shown. However, the angle of rotation may be any
angle as long as the vertical positional relationship between
the first region 111 and the second region 112 with respect
to the gravitational direction i1s changed. For example, when
the angle of rotation 1s less than 180°, the speed of move-
ment of the reaction solution 140 1s decreased. Therelore, by
adjusting the angle of rotation, the period in which the
reaction solution 140 moves between the first temperature
and the second temperature can be adjusted. That 1s, a period
in which the temperature of the reaction solution 140 1is
changed between the first temperature and the second tem-
perature can be adjusted.

EXAMPLES

The appropnate conditions for the distance between the
first inner wall and the second 1nner wall of the nucleic acid
amplification reaction apparatus according to the mvention
and the amount of the nucleic acid amplification reaction
solution to be poured will be shown.

Here, 1n the case 1n which the nucleic acid amplification
reaction solution was poured, when the diameter of the
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droplet of the nucleic acid amplification reaction solution as
seen 1n the thickness direction of the nucleic acid amplifi-
cation reaction vessel was substantially calculated, it was
considered that the shape of the droplet in the nucleic acid
amplification reaction vessel was a columnar shape 1n which
a portion of the droplet that came 1nto contact with the first
inner wall and the second inner wall had a circular bottom
surface, and the width of the nucleic acid amplification
reaction vessel (the interval between the first inner wall and
the second 1nner wall) became the height. The diameter of
the bottom surface thereof was considered as the diameter of
the droplet of the nucleic acid amplification reaction solu-
tion. In addition, 1t was considered that the shape of the
droplet of the nucleic acid amplification reaction solution
when the nucleic acid amplification reaction solution was
poured 1nto the cylindrical nucleic acid amplification reac-
tion vessel according to Comparative Example was a spherti-
cal shape. The diameter thereof was considered as the
diameter of the droplet of the nucleic acid amplification
reaction solution. In FIG. 8, the results of Examples and
Comparative Example are shown. In FIG. 9, the results of
obtaining ratios of Examples to Comparative Example are
shown.

As shown 1n FIGS. 8 and 9, 1t 1s found that the diameter
of the droplet was large in the case 1n which 1.0 ul to 7.0 ul
of the nucleic acid amplification reaction solution was
poured 1nto each nucleic acid amplification reaction vessel
in which the distance between the first inner wall and the
second 1nner wall was 0.2 mm to 0.8 mm, compared to the
case 1 which the droplet was poured into the cylindrical
nucleic acid amplification reaction vessel.

The invention 1s not limited to the embodiment described
above, and various modifications may be made. For
example, the invention includes substantially the same con-
figuration as the configuration described 1n the embodiment
(for example, the configuration 1n which the function, the
method, and the result are the same, or the configuration
having the same object and the eflect). The invention also
includes configurations 1n which a portion which i1s not
essential in the configuration described in the embodiment 1s
replaced. The invention also includes configurations which
achieve the same eflects and advantages as the configuration
described in the embodiment, or configurations which are
able to achieve the same object. The invention also includes
configurations including known techniques added to the
configuration described 1n the embodiment.

The entire disclosure of Japanese Patent Application No.
2014-030362, filed Feb. 20, 2014 1s expressly incorporated
by reference herein.

What 1s claimed 1s:

1. A nucleic acid amplification reaction vessel compris-
ng:

a first inner wall;

a second 1ner wall that 1s arranged opposite to the first
inner wall, wherein a distance between the first inner
wall and the second inner wall 1s a length shorter than
a diameter b of a droplet of a nucleic acid amplification
reaction solution, such that the droplet of nucleic acid
amplification reaction solution comes nto contact with
both the first inner wall and the second inner wall,
simultaneously, when the reaction vessel 1s filled with
a liguid and the nucleic acid amplification reaction
solution 1s loaded into the reaction vessel, wherein the
liquid has a lower specific gravity than the nucleic acid
amplification reaction solution such that the reaction
solution forms the droplet having the diameter b within
the liquad;
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a third inner wall; and

a fourth mner wall that 1s arranged opposite to the third
inner wall, the third inner wall and fourth inner wall
being orthogonal to the first mnner wall and the second
inner wall, wherein a distance between the third inner
wall and the fourth 1nner wall 1s a length at least twice
the diameter b of the droplet of the nucleic acid
amplification reaction solution, such that the droplet of
the nucleic acid amplification reaction solution does not
come 1nto contact with both the third inner wall and the
fourth mner wall at the same time when the nucleic acid
amplification reaction solution 1s loaded into the reac-
tion vessel filled with the liquid.

2. The nucleic acid amplification reaction vessel accord-
ing to claim 1, wherein the first inner wall and the second
inner wall are flat.

3. The nucleic acid amplification reaction vessel accord-
ing to claim 1, wherein when an amount of the nucleic acid
amplification reaction solution poured into the nucleic acid

amplification reaction vessel 1s 1.0 ul to 7.0 ul, the distance
between the inner surface of the first side wall and the inner
surface of the second side wall 1s 0.2 mm to 1.4 mm.

4. The nucleic acid amplification reaction vessel accord-
ing to claim 1, wherein a center portion of a bottom portion
of the nucleic acid amplification reaction vessel protrudes
outward from the peripheral portion.

5. A nucleic acid amplification reaction apparatus com-
prising;:

a mounting section, that 1s mountable the nucleic acid

amplification reaction vessel according to claim 1;

a lirst heating section that heats a first region of the
nucleic acid amplification reaction vessel when the
nucleic acid amplification reaction vessel 1s mounted in
a mounting section; and

a driving mechanism that switches arrangement of the
first region, a second region of the nucleic acid ampli-
fication reaction vessel, and the first heating section
into a first arrangement or a second arrangement,

wherein the first arrangement 1s an arrangement 1n which
the first region 1s on a lower side of the second region
with respect to a gravitational direction, and

the second arrangement 1s an arrangement in which the
second region 1s on a lower side of the first region with
respect to the gravitational direction.

6. The nucleic acid amplification reaction apparatus
according to claim 5, wherein the nucleic acid amplification
reaction apparatus includes a second heating section that
heats the second region when the nucleic acid amplification
reaction vessel 1s mounted 1n a mounting section,

the first heating section heats the first region to a {first
temperature, and

the second heating section heats the second region to a
second temperature which 1s different from the first
temperature.

7. A nucleic acid amplification reaction vessel compris-

ng:

a first inner wall;

a second inner wall that 1s arranged opposite to the first
inner wall, wherein a distance between the first inner
wall and the second inner wall 1s a length shorter than
a diameter b of a droplet of a nucleic acid amplification
reaction solution, such that the droplet of the nucleic
acid amplification reaction solution comes 1nto contact
with both the first inner wall and the second 1nner wall,
simultaneously, when the reaction vessel 1s filled with
a liqumid and 1.0 ul to 7.0 ul of the nucleic acid
amplification reaction solution 1s loaded into the reac-
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tion vessel, wherein the liguid has a lower specific
gravity than the nucleic acid amplification reaction
solution such that the reaction solution forms the drop-
let having the diameter b within the liquid;

a third inner wall; and 5

a fourth mner wall that 1s arranged opposite to the third

inner wall, the third inner wall and fourth inner wall
being orthogonal to the first inner wall and the second
inner wall, wherein a distance between the third inner
wall and the fourth 1nner wall 1s a length at least twice 10
the diameter b of the droplet of the nucleic acid
amplification reaction solution, such that the droplet of
the nucleic acid amplification reaction solution does not
come 1nto contact with both the third inner wall and the
fourth inner wall at the same time when the 1.0 ulto 7.0 15
ul of the nucleic acid amplification reaction solution 1s
loaded 1nto the reaction vessel filled with the liquad.

8. The nucleic acid amplification reaction apparatus
according to claim 7, wherein the distance between an 1iner
surtace of the first side wall and an inner surface of the 20
second side wall 1s 0.2 mm to 1.4 mm.
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